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ABSTRACT
The thesis entitled “Synthetic approaches to biologically active alkaloids (-)-isoretronecanol, (-)-trachilanthamidine, (-)-tashiromine, (-)-5-epi-tashiromine (+)-(2R, 3R, 4R)-deacetylanisomycin, (+)-L-733,060 and Safingol” is divided in to three chapters. 
Chapter-I: 	It describes “Formal synthesis of (-)-isoretronecanol, (-)-trachelanthamidine and an approach to the synthesis of (-)-tashiromine and (-)-5-epi-tashiromine”
Chapter-II: It describes “Stereoselective synthesis of (+)-(2R, 3R, 4R) -           deacetylanisomycin”
Chapter-III:   It is further sub-divided into two sections 
	Section A: This section describes “The enantioselective synthesis of                       N-Boc-(2S,3S)-3-hydroxy-2-phenylpiperidine”                             
Section B: This section describes “The enantioselective synthesis of  
                            N-Boc-(2S,3S)-safingol”

CHAPTER-I 

Formal synthesis of (-)-isoretronecanol, (-)-trachelanthamidine and an approach to the synthesis of (-)-tashiromine and (-)-5-epi-tashiromine
              Pyrrolizidine and indolizidine alkaloids are important classes of biologically active natural products and have attracted considerable attention in organic synthesis. Over the past five decades, many studies aiming at isolation and stereocontrolled syntheses of these alkaloids have been carried out. Several pyrrolizine imides display amnesia-reversal activity. It should be pointed out that pyrrolizidine N-oxide and indolizidine N-oxide having antineoplastic activity are in clinical trials. Indolizidine alkaloids isolated from plant sources and animal sources (frog’s skin) have shown important biological properties. The pyrrolizidine alkaloids isoretronecanol 1, trachelanthamidine 2, curassanecine 3, heliotridane 4, the indolizidines tashiromine 5 and 5-epitashiromine 6 have provided a framework for testing new synthetic methodologies applicable to alkaloid total synthesis.


Figure I






               Because of their interesting biological activity, these compounds provided a useful forum to develop a general efficient method for the construction of the common [3.3.0] or [4.3.0] skeleton for organic chemists. Although several synthetic approaches have been reported for these alkaloids many of them involve long reaction sequences and also showed poor stereoselectivity in the key bond forming reactions, therefore the need for an efficient common synthesis still remains. Consequently, development of new strategies and approaches to address the above challenges continue to be a worthwhile research goal.
              Our continued interest in the development of new and efficient synthetic routes to some important pyrrolizidine and indolizidine compounds prompted us to investigate the  synthesis of isoretronecanol 1, trachelanthamidine 2, and the indolizidines tashiromine 5 and  5-epitashiromine 6, starting from simple and readily available amino acid L-proline as a chiral template. 
              The key transformations in the proposed strategy will involve one carbon Wittig homologation on ketone moiety, ring closing metathesis and stereoselective hydrogenation protocol to construct the pivotal pyrrolizidine and indolizidine core of the target molecule.
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Reagents and conditions : (a) (i) AcCl, MeOH, 0 oC, 4 h, quantitative; (ii) (Boc)2O, Et3N, DCM, 0 oC to rt, 3 h, 98%; (b) LiAlH4, THF, 0 oC to rt., 1 h, 95%; (c) (i) DMSO, (COCl)2, Et3N, DCM, -78 oC, 1 h; (ii)  Ph3P=CH2, THF, -10 oC, 3 h, for two steps 69%; (d) OsO4, NMO, monohydrate, acetone : H2O (3:1), 0 oC to rt, 6 h, 89%; (e) (i) Bu2SnO, toluene reflux, 8 h; (ii) BnBr, TBAI, reflux, 16 h, for two steps 88% (f) TEMPO, NaBr, NaOCl, NaHCO3, toluene:EtAc:H2O (3:3:1) 0 oC, 1 h, 91%; (g)   Ph3P=CH2, THF, -10 oC, 4 h,  61%; (h) TFA:DCM (1:1), 0 oC, 1 h; 99%.
	
              L-Proline was readily converted to N-Boc protected ester 8. Reduction of ester functionality in 8 with LAH afforded alcohol 9, which was converted to olefin 10 by performing Swern oxidation followed by one carbon Wittig homologation. Dihydroxy lation of olefin functionality gave diol 11. Regioselective benzylation of diol 11 with dibutyltinoxide in toluene followed by the addition of benzyl bromide in presence of catalytic TBAI gave compound 12 in 88% yield. The secondary alcohol was oxidized to the keto 13 using TEMPO and the keto group subsequently converted to olefin compound by one carbon Wittig homologation. Deprotection of Boc with TFA: DCM (1:1) followed by neutralization of the TFA salt gave compound 14.
              Acrylation of 14 with acryloyl chloride and Et3N in DCM afforded the compound 15,  which underwent ring closing metathesis with Grubbs’ catalyst in different conditions, but better yields were obtained when reaction was performed in benzene for 36 h at 90 OC with 10 mol % 2nd generation catalyst to give 16. Hydrogenation of 16 in presence of H2-Pd/C (10 mol %) followed by benzoate protection afforded cis and trans diastreomers 17 & 18 (64:36), where as H2-PtO2 condition afforded cis and trans diastereomers 17 & 18 in (77:23) (by HPLC). Attempts to separate the diastereomers 19 & 20 and its derivatives (TBDPS ether, acetate and benzoate) were met with failure. Finally the diastereomers 19 & 20 were separated as benzoate esters 17 & 18 by preparative HPLC and then deprotection of benzoate group with K2CO3 in MeOH at 0 oC gave compounds 19 & 20. Conversion of compounds 19 & 20 to compounds 1 & 2 is reported in the literature. The spectral and analytical data of compounds 19 and 20 were in good agreement with reported values.


                                                                     













                                                             SchemeII 





Reagents and conditions :   (a)  acrolyl chloride, Et3N, cat DMAP, DCM, 0 oC, 3 h, 65%;  (b) 10 mol % Grubbs’ 2nd generation catalyst, benzene, 90 oC, 36 h, 76%; based on recovery of starting material (c) H2, Pd–C, MeOH, rt, 2 h, 95%; (d) benzoyl chloride, Et3N, cat DMAP, DCM, 0 oC, 2 h, 95%; (e) K2CO3, MeOH, rt, 2 h, 90%.	
                             
                  

                                                            SchemeIII




Reagents and conditions :  (a) 3-butenoic acid, ethylchloroformate, NMM, THF, 0 oC to rt, 3 h, 89%; (b) 10 mol % Grubbs’ 1st generation catalyst, DCM, 50 oC, 6 h, 82%; (c)  H2, Pd–C, MeOH, rt, 2 h, 90%; (d) benzoyl chloride, Et3N, cat DMAP, DCM, 0 OC, 2 h, 95%; (e) K2CO3, MeOH, rt, 2 h,  90%.
        
              Acylation of 14 with 3-butenoic acid using ethylchloroformate and NMM in THF afforded compound 21, which underwent ring-closing metathesis in presence of Grubbs catalyst in different conditions, but better yields were obtained when reaction was performed in DCM for 6 h at 50 OC with 10 mol % 1st generation catalyst to give 22. Hydrogenation in presence of H2-Pd/C 10 mol% followed by benzoate protection gave cis and trans diastreomers 23 & 24 (55:45). As mentioned above, when the hydrogenation is carried with PtO2 followed by benzoate protection afforded cis and trans diastreomers 23 & 24 in (74:26) (by HPLC) as inseparable isomers.  Here also attempts to separate the diastereomers 25 & 26 and its derivatives (TBDPS ether, acetate and benzoate) were all met with failure. Finally, we separated these diastereomers by preparative HPLC as their benzoate esters 23 & 24 and then deprotection of benzoate group with K2CO3 in MeOH at 0 oC gave compounds 25 & 26. The cis and trans diastereomers were conformed by DQF COSY and proton NMR spectroscopy.
              In summary we have developed a versatile route to pyrrolizidine, indolizidine alkaloids from a key intermediate 14, prepared from readily available L-proline by using RCM.
           

 
                                                       












                                                        

CHAPTER-II

Stereoselective synthesis of (+)-(2R, 3R, 4R)-deacetylanisomycin
              Analogues of furanoses in which the ring oxygen is replaced by nitrogen and the anomeric hydroxyl is removed have been reported to be almost always inhibitors of the corresponding glycosidases. Glycosidases are involved in several important biological processes such as digestion, biosynthesis of glycoproteins, and the catabolism of glycoconjugates. Because glycosidase inhibitors have the potential to produce antiviral, antidiabetic, and anticancer effects as well as immune modulatory properties, they have attracted much attention. Polyhydroxylated pyrrolidines are among the most active glycosidase inhibitors, some of them were depicted in Figure II.
              (−)-Anisomycin 27 is an antibiotic and it was first isolated from the fermentation broths of Streptomyces griseolous and Streptomyces roseochromogens by Sobin and Tanner in 1954. More recently it has been also isolated from Streptomyces sp. SA3079 and No. 638. Its structure and relative stereochemistry were conformed by chemical studies and X-ray crystallographic analysis. Finally, the absolute stereochemistry was established as (2R,3S,4S) by chemical correlation studies. 
              (−)-Anisomycin 27 was found to exhibit selective and potent activity against pathogenic protozoa and certain strains of fungi by inhibiting Entamoeba histolytica, Trichomonas vaginalis, Tritrichomonas foetus and Candida albicans. This led to clinical trials for the treatment of amoebic dysentery, vaginities. More recently it was reported that anisomycin 27 had been identified as an antitumor substance showing in vitro cytotoxicity against human tumour lines, such as mammalian cell lines HBL 100, RAS A and MCF 7 in the nM region.
              Both anisomycin 27 and its deacetylderivative 27a have been used as fungicides in the eradication of bean mildew and for the inhibition of other pathogenic fungi in plants and recently some anisomycin derivatives e.g. 29 and 30 have shown a potent inhibitory activity against α-rhamnosidase and some other glycosidases. Some chiral polyhydroxylated pyrrolidines have also been used as catalysts/ligands in asymmetric synthesis.

Figure II


             The diverse biological activity of anisomycin is due to the presence of a chiral pyrrolidine skeleton. The activity and structural features of 27 has attracted the attention of several synthetic organic chemists. Few routes have given good stereoselectivity, while others have an inherent problem in separating unwanted isomers. 
              In continuation of our interest in the synthesis of biologically active chiral pyrrolidines, we undertook the synthesis of the C-2 epimer of (+)-deacetylanisomycin. Herein, we report a strategy where all the three centers of the C-2 epimer of (+)-deacetylanisomycin 29 were fixed from the inexpensive and readily available chiral pool starting material, D-mannitol 31. Our approach mainly deals with the synthesis of (+)-(C-2 epimer of (+)-deacetylanisomycin 29a and its Cbz derivative 29b as outlined in Scheme IV and V.
              1,2:3,4:5,6-tri-O-Isopropylidene-D-mannitol 32, a fully protected form of D-mannitol was treated with H5IO6 to give corresponding aldehyde and immediate reduction of the resultant crude aldehyde with NaBH4 gave arabinitol derivative 33. Treatment of 33 with MsCl/Et3N gave mesylderivative, which on further treatment with NaN3 in DMF yielded azido derivative 34. Reduction of the azido functionality with Pd/C in MeOH gave amine, which on treatment with CbzCl/Na2CO3 afforded compound 35. Selective hydrolysis of 35 with 50% aq AcOH gave diol 36. Regioselective tosylation of 36 gave 37, which on further treatment with K2CO3/MeOH yielded epoxide 38. Reaction of 38 with p-methoxyphenylmagnesium bromide in the presence of a catalytic amount of I2/CuCN gave 39. Compound 39 was converted to mesyl derivative 40. 
Scheme IV





                                      
Reagents and conditions: (a) acetone, con. H2SO4,  0 oC-rt, 24 h, 72%; (b) (i) H5IO6, EtOAc 0 oC, 1 h; (ii) NaBH4, MeOH, 0 oC, 3 h; (c) (i) MsCl, Et3N, DCM, 0 oC-rt, 1 h;  (ii) NaN3, DMF, 90 oC, 12 h, 83% for two steps (d) (i) Pd/C, MeOH, rt, 3 h; (ii) Cbz-Cl, Na2CO3, THF, 2 h, 81% for two steps; (e) 50% aq. AcOH, rt, overnight, 84%; (f) p-TsCl, Et3N, 10 mol% Bu2SnO, DCM,  0 oC-rt, 1 h; 93%; (g) K2CO3, MeOH, 30 min, 90%; (h)  4-bromoanisole, Mg, I2/CuCN (cat.), -78 oC, 2 h,  79%; (i) MsCl, Et3N, DCM, rt, 1 h; 
Interestingly, treatment of 40 with TFA gave directly the cyclised product 29b with the retention of configuration, whose NMR was not matching with (+)-N-benzyloxycarbonyl deacetylanisomycin 28b based on the comparison with the reported values. To further confirm the stereochemistry at the newly formed centre the cyclised product 29b was converted to dimethoxy compound 41 whose 1H NMR spectra is in agreement with the reported values. Compound 29b was subjected to hydrogenation in presence of Pd/C, and the reaction resulted in the formation of 29a. The specific rotation of C-2 epimer of (+)-deacetylanisomycin 29a is [α]25D = +18 (c 0.8, MeOH).[lit is [α]25D = + 20 (c1, MeOH)]. The retention of configuration can be explained via epoxide intermediate, which might have under gone cyclization in unusual 5-endo-tet-mode.
                                                              Scheme V


Reagents and conditions: (a) TFA, DCM, 0 oC−rt, 2 h, 79%; (b) NaH, MeI, THF, 0 -70 oC, 3 h, 85%; (c) Pd/C, MeOH, rt, over night, 90%

In conclusion, we developed a new, short and efficient synthetic approach for the anisomycin derivative 29a from D-mannitol, utilizing stereo selective intramolecular in situ 5-endo-tet opening of epoxide. Application of the above strategy for the synthesis of some important pyrrolidine and piperidine molecules is in progress. This synthesis also helps in making compound 29a in good quantities for the complete evaluation of its activity.
                                                       


















                                                   

                                                  





CHAPTER-III

Section A: Enantio selective synthesis of N-Boc-(2S,3S)-3-hydroxy-2-phenylpiperidine
              Functionalized piperidines are useful as biologically active agents. The piperidine ring is a common moiety found in bioactive natural products, drugs, and drug candidates. In recent years, N-Boc-(2S,3S)-3-hydroxy-2-phenylpiperidine 42 has drawn much attention of organic chemists since it is a valuble precursor for the synthesis of nonpeptide neurokinin NK1 receptor antagonists 43 and 44 as showed in figure III. These non-peptidic ligands 43 and 44 are known to exhibit a variety of biological activities including neurogenic inflammation, pain transmission and regulation of the immune response. They have also been implicated in a variety of disorders including migraine, rheumatoid arthritis and pain. 
              The cis relationship between the two substituents on the piperidine ring is essential for high-affinity binding to the human NK1 (hNK1) receptor. Due to its potent biological activity, compound 42 is a good synthetic target for an organic chemist.                  
              Considering the pharmacological importance, various methods have been developed to access compound 42. These include introduction of chiral centres via Sharpless epoxidation and one pot aza witting reaction, Sharpless asymmetric dihydroxylation of silyl enol ether, Sharpless asymmetric amino hydroxylation or Jacobson’s asymmetric epoxidation followed by ring expansion. Although these methods are fairly efficient (e.e.94-99%, yields 65-75%), they require expensive chiral ligands to induce chirality or highly toxic osmium complexes. Other strategies involve intermediates derived from amino acids such as L-phenylglycine and L-glutamic acid. However, these methods produce the key chiral intermediate in either low yield (58%) or with low diastereoselectivity. Herein, we report a short and efficient synthesis of N-Boc-(2S, 3S)-3-hydroxy-2-phenylpiperidine, based on the organocatalysed asymmetric Mannich reaction between benzaldehyde N-Boc-imine and benzyloxyacetaldehyde using the L-proline as an organocatalyst.



Figure III




              The synthesis of N-Boc-(2S,3S)-3-hydroxy-2-phenylpiperidine 42 (Scheme VI) commenced from condensation of the benzadehyde 45 with N-Boc-amine and sodium salt of benzene sulfonic acid 46 in presence of formic acid which furnished compound  47, and it was converted to Boc-imine compound 48 by using K2CO3. Proline catalysed manich was performed between benzyl protected α-oxy aldehyde 49 and Boc-imine 48 to give compound 50. Two carbon Wittig reaction provided olefin mixture 51 and 52 with a ratio of 9:1 separated by column chromatography. Ester functionality in 51 was converted to alcohol with Dibal, which furnished compound 53. Compound 53 was converted to mesyl derivative 54. Saturation of double bond, cyclization and debenzylation were carried out in one pot with H2/Pd-C and NaOOCCH3 in EtOH to furnish the target molecule 42, in good yield. The physical and spectroscopic data of 42 were in full agreement with those reported in literature.
              In conclusion, we have completed a short and efficient synthesis of N-Boc-(2S,3S)-3-hydroxy-2-phenylpiperidine, based on the organocatalytic asymmetric Mannich reaction between benzaldehyde N-Boc–imine and benzyloxyacetaldehyde using L-proline as an organocatalyst. The enantioselective synthesis of N-Boc-(2S,3S)-3-hydroxy-2-phenylpiperidine was achieved in 4 steps from benzaldehyde N-Boc-imine.



     

                                                            Scheme VI                                     


Reagents and conditions: (a) NH2Boc, HCOOH, THF, 24h, rt, 90% (b) K2CO3, MeOH, 60oC, over night, 95% (c) D-proline, ACN, rt, 5h, 60% (d) PPh3=CH-COOEt, THF, 0 oC-rt, 4 h; 90%  (e) DIBAL, THF, 1h, -78 oC, 95% (f) MsCl, Et3N, DCM, rt, 1 h; (g) Pd/C, NaOAc,  EtOAc, rt, 12 h; 60%   






Section B: Enantio selective synthesis of N-Boc (2S, 3S) Safingol 
              1, 2-Amino alcohol units with unique stereochemistry are found as essential components in many biologically active natural products and important pharmaceuticals. Sphingosine 55 and sphiganine (D-erythro-dihydrosphingosine) 57 are naturally occurring bioactive compounds. Dihydrosphingosines are biosynthetic precursors of sphingolipids (e.g., ceramides, sphingomyelin, cerebrosides and gangliosides). These lipids are composed of three structural units: a long-chain aliphatic 2-amino-1,3-diol, a fatty acid, and a polar head group. The inherent structural variation of fatty acids and polar head groups in sphingolipids attracts great interest because of their diverse biological activities including cell regulation and signal transduction. D-erythro-sphinganine 57, 2(S)-amino-1,3(S)-octadecanediol, is an important part of symbioramide, a new type of bioactive ceramide, which is known for increasing sarcoplasmic reticulum Ca2+- ATPase activity. Safingol 56 (L-threo-dihydrosphingosine), 2(S)-amino-1,3(R)-octadecanediol, is known as an inhibitor of protein kinase C (PKC) and acts synergistically with anti-cancer drugs figure IV. 

Figure IV                                                            





        
              Safingol is an antineoplastic, antipsoriatic drug and a competitive inhibitor of protein kinase C. It is reported that safingol inhibits enzymatic activity and 3H-phorbal dibutarate binding of purified rat brain PKC (IC50 = 37.5 lM, 31 lM, respectively). It also inhibits human PKCa, the major overexpressed isoenzyme in MCF-7 DOXR cells (IC50 = 40 lM). Further, safingol enhances the cytotoxic effect of the chemotherapeutic agent mytomycin (MMC: Cat. No. 47589) in gastric cancer cells promoting drug induced apoptosis.
              Due to its promising biological activity, a number of syntheses of safingol  and its stereoisomers have been reported in the literature including methods based on an enantioselective Henry reaction and ketone reduction, multistep synthesis from (Z)-2-
butene-1,4-diol, from a chiral oxazolidinyl ester and resolution based methods. One of the most recent syntheses of safingol was reported by Lee et al., which was based on palladium-catalyzed oxazoline formation followed by cross metathesis. Another recent report by Chattopadhyay et al. begins from a D-mannitol derived aldehyde and involves a diastereoselective step in which the unrequired diastereomer is also obtained in a reasonable amount. The above-mentioned stereoselective syntheses of safingol, except that from D-mannitol, either employ a chiral ligand or a chiral auxiliary, which itself may require a few steps for its synthesis. Herein, we report a short and efficient synthesis of safingol, based on the organocatalytic asymmetric Mannich reaction between benzaldehyde N-Boc–imine and benzyloxyacetaldehyde using L-proline as an organocatalyst. Our synthetic route uses simple reactions and inexpensive starting materials.
              Condensation of the benzadehyde 45 with N-Boc-amine and sodium salt of benzene sulfonic acid 46 in presence of formic acid provided compound 47, which was converted to Boc-imine compound 48 by using K2CO3. Proline catalyzed Manich reaction was performed between benzyloxyaldehyde 49 and Boc-imine compound 48 provided compound 50 (as shown in Scheme VI). Wittig reaction of compound 50 with tetradecyltriphenylphosphonium bromide furnished olefin compound 58. Saturation of double bond and debenzylation were carried out with H2/Pd-C in EtOH to furnished compound 59. Secondary hydroxy group in compound 59 was protected with TBS to give compound 60. The RuO4-mediated oxidative cleavage of a phenyl to acid gave 61. Reduction of acid functionality with boran dimethyl sulfide furnished compound 62. Deprotection of TBS group with TBAF furnished N-Boc (2S, 3S) safingol. The physical and spectroscopic data of 63 were in full agreement with those reported in literature.

                                                                Scheme VII

                    

Reagents and conditions: (a) PPh3=CH-(CH2)12-CH3, THF, 0 oC-rt, 6 h; 69%  (b) Pd/C, EtOAc, rt, 12 h; 82%  (c) TBSOTf, 2,6-lutidine, DCM, rt, 4 hours, 90% (d) NaIO4, RuCl3. H2O (cat. amount), Na2HPO4. 2H2O, H2O, CCl4, AcCN, rt, 18 h, 62%; (e) BH3.DMS, THF, 0 oC, 1 h, 84%; (f) TBAF, THF, rt, 2 h, 88%; 

              In conclusion, we have completed a short and efficient synthesis of N-Boc (2S, 3S) safingol, based on the organocatalytic asymmetric Mannich reaction between benzaldehyde N-Boc–imine and benzyloxyacetaldehyde using D-proline as an organocatalyst. The enantioselective synthesis of N-Boc (2S, 3S) safingol was achieved in 7 steps from benzaldehyde N-Boc-imine. The applications of the other organocatalytic asymmetric reactions of proline are now in progress and will be presented in due course.
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